The aim of this study was to examine the relationships of short-term weight gain, weight loss, and weight cycling on the odds of developing hypertension. Normotensive middle-aged German men and women (n ¼ 12 362) of the European Prospective Investigation into Cancer and Nutrition-Potsdam Study were assigned to categories of 2-year short-term weight changes that were self-reported to have occurred prior to recruitment into the study (gain only, loss only, weight cycling, stable). After 2 years of follow-up after recruitment, 180 cases of incident essential hypertension were identified. In logistic regression models, odds ratios were estimated for the associations between short-term weight changes and risk of developing hypertension. Obesity status (BMIX30 or BMIo30 kg/m 2 ) modified the associations between short-term weight change and incidence of diagnosed hypertension. Among obese individuals, short-term weight gain occurring during the 2 years prior to recruitment (OR ¼ 2.79, 95% CI 1.19-6.56), weight loss (OR ¼ 6.74, 95% CI 2.58-17.6) and weight cycling (OR ¼ 4.29, 95% CI 1.55-11.9) were strongly positively associated with incident hypertension, adjusted for age and gender, compared to obese individuals with short-term stable weight. No significant associations between short-term weight changes and risk of diagnosed hypertension were detected among non-obese individuals. Short-term weight changes appeared to present strong risk factors for developing hypertension among obese individuals. The effect seen for weight cycling supports the hypothesis that weight cycling increases the risk of hypertension. The finding for short-term weight loss may be explained by subsequent weight regain and needs further investigation.
Introduction
Hypertension has been confirmed as an important cause of cardiovascular morbidity and mortality. 1, 2 It is a very common condition especially in older populations. According to a national survey, about one half of the German adult population (ages 18-79 years) has hypertension. 3 Body weight and blood pressure have been shown to be related in most studies. 4, 5 Prospective studies have shown that adult weight gain is strongly related to elevated blood pressure and increased risk of developing hypertension later in life. [5] [6] [7] [8] In clinical trials, weight loss has consistently been shown to lower blood pressure and to decrease the risk of developing hypertension. [9] [10] [11] However, the protective effect of weight loss on the hypertension risk is not supported by findings from observational studies.
Despite the clear overall effect of weight and longterm weight gain on risk of hypertension, less is known regarding the impact of short-term weight gain and loss and of weight cycling on developing hypertension. The small number of studies examining associations between short-term weight changes (arbitrarily defined as weight changes occurring within less than 5 years) and risk of hypertension suggests a smaller impact for short-term weight gain relative to the effect of long-term weight gain. [12] [13] [14] To our knowledge, the impact of short-term weight loss on the risk of hypertension has not been estimated in observational studies. With respect to the association between weight cycling and risk of hypertension, a positive relation was detected in a study group of obese women, 15 but no association was reported in a population of female nurses 13 and in a group of nonobese blue-collar workers. 16 The few studies examining weight cycling and risk of hypertension suggest differential effects of weight cycling depending on body weight status, in that weight cycling may present a risk factor for hypertension among obese subjects and may not influence the hypertension risk among non-obese people, but evidence is limited and requires further investigation.
To examine the impact of short-term weight gain, weight loss and weight cycling on the risk of hypertension, follow-up data from a middle-aged German population were analysed. Associations between short-term weight changes, self-reported to have occurred within the 2 years prior to recruitment into the study and subsequent 2-year incidence of diagnosed essential hypertension, were estimated.
Materials and methods
A description of the EPIC-Potsdam Study cohort has been published elsewhere. 17 Briefly, 27 548 Caucasian men (ages 22-69 years) and women (ages 19-70 years) were recruited into the study at the recruitment examination (baseline) between 1994 and 1998, measuring the usual dietary intake, lifestyle, occupation, medications, medical history, anthropometry and body weight history and reproductive history in women by means of questionnaires and face-to-face interviews. Furthermore, the blood pressure of each participant was determined according to a standardised protocol. 18 The methods of the EPIC-Potsdam Study were approved by the ethical committee of the state of Brandenburg, Germany, and each study participant gave written consent.
In order to achieve a study population that was free of hypertension at recruitment, subjects were excluded from the analysis if they met at least one of the following criteria: (1) self-report of a diagnosis of hypertension, (2) being on an antihypertensive medication and (3) mean of the second and third readings of blood pressure measurement exceeded 140/90 mmHg. 19 Applying these criteria led to the exclusion of 14 313 subjects, who were considered to be hypertensive at baseline. After further exclusion of 477 subjects due to missing and implausible values in the exposure (n ¼ 110) and major covariates (n ¼ 367), the study population followed for development of hypertension consisted of 12 758 subjects, 8799 women and 3959 men.
Follow-up procedures of the EPIC-Potsdam Study have recently been published. 20 Briefly, study participants were recontacted about 2 years after their baseline examination by mail. By means of a self-administered follow-up questionnaire as an established and feasible instrument to follow subjects in a large-scale cohort study, we ascertained vital status, newly developed diseases including hypertension, medications and major changes in lifestyle. At the end of the first follow-up period (mean 2.2 years, ranging from 1.4 to 5.0 years), follow-up information was available for 12 402 of the 12 758 study participants. Subjects with no follow-up information had died during follow-up (n ¼ 44), had withdrawn from the study (n ¼ 117),
had not yet sent back the follow-up questionnaire or could not be located (n ¼ 195). Ascertainment of incident hypertension was conducted in several steps. First, participants with a self-report of a diagnosis of hypertension or of taking antihypertensive medications were identified. These participants were entered into a verification process to confirm a new diagnosis. A query to the family doctor was initiated asking for the exact date of diagnosis and type of hypertension diagnosed. Only verified incident cases of essential hypertension (in accordance with the sixth report of the Joint National Committee on prevention, detection, evaluation and treatment of high blood pressure (JNC VI) criteria 19 ) were considered valid outcomes. We identified 180 participants with incident essential hypertension (cases), four subjects with secondary hypertension and 36 prevalent cases of hypertension. The latter two were excluded from the analysis. The number of hypertension-free subjects (non-cases) was 12 182.
At the time of recruitment, we assessed short-term weight changes by asking: 'Did you lose 5 kg or more during the past 2 years?'. If the response was yes, participants were also asked 'Was the weight loss intentional?'. The same set of questions was asked about to assess short-term weight gain ('Did you gain 5 kg or more during the past 2 years?', 'Was the weight gain intentional?'). To define short-term weight change, subjects were assigned to one of the following groups: weight gain only (if they experienced weight gain but no weight loss) with further separation into intentional and unintentional weight gain, weight loss only (if they experienced short-term weight loss but no short-term weight gain) with further separation into intentional and unintentional weight loss, weight cycling (if they experienced unintentional weight gain and intentional weight loss), other cycling not meeting the above-mentioned criteria for weight cycling, and stable weight, if no short-term weight change was reported (referent category).
Obesity status was determined, according to cutoff points of the World Health Organisation (WHO), 21 from baseline measurements of weight and height, converted into body mass index (BMI, weight in kg/height in m 2 ). Subjects were considered as obese, if their BMI at recruitment was equal to or exceeded 30 kg/m 2 and were considered as non-obese, if their BMI was smaller than 30 kg/m 2 . Obesity status at recruitment was used as a surrogate for initial obesity status, since we did not know the Short-term weight change and hypertension M Schulz et al initial body weight preceding the 2-year short-term weight change. Weight change during follow-up was calculated as the difference between weight reported at follow-up and weight measured at recruitment.
Descriptive statistics were calculated for general characteristics and exposure variables. Means and standard deviations were calculated for continuous variables and frequency distributions for categorical variables. w 2 analysis was used to test for independence between classification variables.
We used logistic regression analysis to estimate the effect of weight change prior to recruitment on the odds of developing hypertension. As follow-up time was short and fairly homogeneous in our study population, this approach would not differ from a prospective approach to estimate risk. First, interactions between short-term weight change and other factors (age, gender, obesity status and blood pressure at recruitment) were tested. The analysis revealed that obesity status was an effect modifier of the relation between short-term weight change and risk of hypertension (P-value of interaction term: o0.01). Therefore, odds ratios (OR) and 95% confidence intervals (CI) are presented in the strata of obesity status (BMIX30 kg/m 2 and BMIo30 kg/ m 2 , respectively) and were computed according to Hosmer and Lemeshow, 22 with one reference category being obese subjects with no short-term weight change. This phenomenon was not apparent if we chose a lower BMI cut point, that is, BMIX27 kg/m 2 or BMIX25 kg/m 2 . To evaluate confounding, a full model containing the exposure of interest and all potential confounders was run. According to the general model selection criteria, terms not materially changing the association between the main exposure and the outcome (total energy, intakes of fat, protein, fibre and sodium and presence of chronic diseases) were removed. Three multiple logistic regression models containing predicting variables were finally created: a minimally adjusted model controlling for age and gender (model 1), a model controlling additionally for the lifestyle factors smoking, alcohol intake, education and leisure-time physical activity (model 2) and a model additionally adjusting for blood pressure at recruitment (model 3).
All analyses were conducted using the Statistical Analysis System for Windows, Release 8.1 (SAS Institute, Cary, NC, USA). All significance tests were two-sided at an a-level of 0.05.
Results
General baseline characteristics of the study population are presented in Table 1 . At entry into the study, mean systolic and diastolic blood pressures in our study population were in the optimal range (SBPo120 mmHg, DBPo80 mmHg), according to JNC VI. 19 The mean age at recruitment in the study population was 48 years (range: 19-69 years). The average BMI at recruitment was 24.9 kg/m 2 , with almost 9% of the study population classified as obese (BMIX30 kg/m 2 ). The distribution of the weight change categories across the study population is presented in Table 2 . The majority of the study subjects reported no shortterm weight changes of at least 5 kg during the 2 years prior to recruitment. Short-term weight gain was more frequent than weight loss or weight cycling. Short-term weight gain was mainly unintentional. Short-term weight loss appeared to occur intentionally and unintentionally. Among those with both weight gain and loss, the majority were, by definition, weight cyclers.
In our study population, the 2-year cumulative incidence rate of diagnosed hypertension was 14.6/ 1000. Short-term weight gain and weight cycling were clearly associated with higher rates of hypertension, compared to the rate among those with short-term stable weight.
Results of the logistic regression analysis are presented in Table 3 . Due to most weight change categories being predominantly one of intentional or unintentional, resulting in limited power for some groups, risk estimates were computed only for the exposure categories weight gain only, weight 
Due to the unexpected finding regarding the effect of short-term weight loss on the odds of diagnosed hypertension among obese subjects, we further investigated the exposure groups with respect to subsequent weight change, occurring between recruitment and 2-year follow-up. The mean weight change after recruitment was the largest among those with 2-year weight loss prior to recruitment (Dweight ¼ 1.27 kg, 4.3 kg in cases and 1.2 kg in controls), that is, those who lost weight prior to recruitment actually had the largest weight gain during the follow-up interval. Average follow-up weight change was close to zero among those with 2-year stable weight prior to recruitment (Dweight ¼ À0.12 kg, 0.38 kg in cases and À0.13 kg in controls) and participants with 2-year weight gain prior to recruitment on average actually lost weight during follow-up (Dweight ¼ À1.32 kg, À0.87 kg in cases and À1.33 kg in controls). Relative frequencies, applying 5 kg cutoff points defining follow-up weight gain and loss, revealed a similar picture: the highest proportion of subjects with follow-up weight gain was found among those with short-term weight loss prior to recruitment compared to the other exposure categories (Figure 1 ). 
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Discussion
In the present study, short-term weight changes were shown to have a substantial impact on the risk of hypertension among obese subjects but not among non-obese subjects. Similar to our findings, Juhaeri et al 7 demonstrated that obesity modified the effect of weight gain on the risk of hypertension; while a positive association between weight gain and hypertension was observed among obese individuals, no association was evident among the nonobese individuals. The majority of studies to date have found that short-term weight gain increased the risk of developing hypertension, independently of BMI, as their analyses were controlled for BMI. [12] [13] [14] Short-term weight loss was found to strongly increase the odds of developing hypertension among obese subjects. This result was not expected, since numerous weight loss trials have consistently shown an overall improvement in blood pressure and reduced incidence of elevated blood pressure under weight loss, especially in obese and overweight people. 9, 11, 23 However, the comparability of results from observational and experimental studies may be questionable, since inferences from experimental studies are difficult to draw due to highly selected study groups and standardized conditions during a trial, which are not comparable to the conditions under which free-living individuals evolve. 24 Since none of the previous observational studies have reported separately on the effect of short-term weight loss on hypertension, our only points of reference are observational studies with long-term weight change. In US nurses, long-term weight loss after age 18 was found to appreciably reduce the subsequent risk for hypertension. 5 Among male former athletes, Pihl and Jü rimäe 25 found that long-term weight loss (at least 15 years) was significantly associated with lower risk of hypertension. This is contradictory to the effect for short-term weight loss among the obese we found in the present study. The beneficial effect of longterm weight loss on risk for hypertension may be explained by sustainment of lost weight over a long period of time or by a slow but continuous weight loss over time, which cannot be revealed with a measure of short-term weight loss.
Although weight loss trials have clearly demonstrated the protective effect of weight loss on risk of high blood pressure and observational studies suggest a lower risk of hypertension with long-term weight loss, we do not believe that our finding for short-term weight loss is spurious, given our previous work in EPIC. As we have previously shown, in this population, previous weight loss was a very strong predictor for subsequent weight gain. 26 Consequently, the increased odds for developing hypertension among obese individuals with 2-year short-term weight loss prior to recruitment may, at least in part, be attributable to subsequent weight gain. In this case, individuals with 2-year short-term weight loss were in fact weight cyclers, who have been shown to be at an increased risk for hypertension. In this study population, we could observe that weight loss prior to recruitment was frequently accompanied by subsequent weight gain between recruitment and follow-up. Alternative explanations which we considered were early adult weight (weight at age 25 years), baseline BMI, hyperthyroidism and incident diseases (neoplasm, myocardial infarction), which may affect body weight development prior to a diagnosis and/or coincide with a diagnosis of hypertension. Weight at age 25 was essentially somewhat higher among participants with short-term weight loss than among subjects with stable weight or short-term weight gain (data not shown). However, adjusting for weight at age 25 did not have substantial impact on the association under study. Also, mean baseline BMI was nearly identical among obese individuals in the different short-term weight change categories, and thus unlikely to explain the observed association (32.3 vs 32.6 kg/m 2 in obese subjects with stable weight and obese subjects with short-term weight loss, respectively). Occurrence of hyperthyroidism and incident diseases was not appreciably different across exposure levels. 
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In our study population, weight cycling was strongly positively linked to incidence of diagnosed hypertension among obese subjects but not among non-obese individuals. Our results are mostly consistent with results from previous studies. Similar to our findings for obese individuals, an Italian case-control study in obese women (ages 25-64) conducted by Guagnano et al 15 found four times higher odds of weight cycling among hypertensive obese women than among normotensive obese women. In contrast, in the Nurses' Health Study, no association between weight cycling and hypertension, not even within strata of baseline BMI, was detected among US female nurses. 13 Similar to our findings for non-obese individuals, in a population of non-obese workers, Itoh et al 16 found no association between weight cycling and hypertension. Potential biological mechanisms by which weight cycling might be linked to hypertension shown in animal studies include abdominal fat accumulation and sympathetic activity, 27 as well as stress caused by rapid fluctuations in weight. 28 We used a strict definition of weight cycling, applying the information we had on intentionality of short-term weight change, since intentionality of weight change has been shown to be associated with health behaviour 29 and disease risk. 30 With our definition of weight cycling, we aimed at identifying a group of individuals who, we assume, frequently diet as a method to manage body weight and at examining this strategy regarding its successfulness to reduce disease risk.
The major differences regarding methodology between previous studies and the present one need to be mentioned. Previous studies measured the absolute change in body weight and thus estimated the risk of hypertension using a continuous approach. In the present study, we have no information of the absolute short-term weight change, but only if the individual lost and/or gained at least 5 kg obtained from self-reports. This is a major weakness of the study, as we know that self-reported body weight tends to be underestimated. 31 In our study, this would mean that people were falsely categorized into the stable weight group, who in fact had gained 5 kg or more. Such under-reporting would lead to an underestimation of the true odds ratio. Furthermore, the design of the present study allowed only for a surrogate for initial obesity status, whereas other investigators had measured information about the initial body weight. Since we assumed that obesity status at recruitment was the same as obesity status preceding the exposure (ie 2 years prior to recruitment), the surrogate parameter may have introduced misclassification bias of obesity status. This is particularly the case for the exposure categories weight gain only among obese individuals and weight loss only among the nonobese individuals. However, simulations of excluding those individuals with BMI close to the obesity cutoff point (BMI ¼ 30) revealed that we would have rather underestimated the true risk. More importantly, the estimates for obese subjects with shortterm weight loss are valid and not biased due to misclassification of obesity status, since they have certainly not changed the obesity status.
Finally, from health surveys we know that hypertension often remains undiagnosed, especially in younger populations. 32 For the present study, we need to keep in mind that we are not aware of all newly developed hypertension and risk estimates are given for diagnosed hypertension. This effect, however, we assume to result in a nearly unbiased risk estimate because risk estimates will be unbiased if the degree of misclassification is nondifferential across exposure levels and the specificity is perfect (100%), as shown by Greenland. 33 On the other hand, if among the obese individuals, those with short-term changes, especially those subjects with weight loss, were more likely to be diagnosed with hypertension due to worse health and/or more frequent consultations relative to those with stable weight, detecting hypertension would occur differentially and we may overestimate the true effects. However, when comparing the number of visits to doctors within the last 2 years, only small differences were observed between the proportion of obese subjects with stable weight and obese subjects with short-term weight loss who had more than 10 consultations (19 vs 21%, respectively).
In conclusion, although the magnitude of the short-term weight change was not known in the present study, a change in weight of at least 5 kg was sufficient to contribute to increased odds for the development of hypertension among obese individuals and therefore should be avoided. As shortterm changes are only rarely sustained, they harbour the risk of weight cycling. Weight cycling is often practised, especially among obese subjects, as a method to manage body weight. This type of weight management, however, seems not to be an appropriate strategy to reduce obesity-related conditions such as hypertension. This implies that a stable body weight may be more favourable with respect to the development of essential hypertension over short-term changes in body weight in this study population, if not a more successful weight reduction programme can be practised.
